, which may be used as T 2 -weighted MR imaging agents. In vitro imaging studies indicated that the nanocomposites had good MR and fluorescence imaging effects with low cytotoxicity. Besides, the developed nanocomposites could also be applied as drug delivery vehicles. Doxorubicin (DOX) loaded Fe 3 O 4 /HBC@F127 nanocomposites significantly inhibited the growth of human hepatoma cells (HepG2). These findings suggested that the facile synthesized multifunctional nanocomposites may be used as a platform for dual mode imaging (both MR and fluorescence) and drug delivery.
Introduction
Fluorescence imaging plays an important role in bio-life science because of the emission of the probes aer excitation can be visualized by the naked eye or at high resolution with optical microscopy.
1,2 An ideal uorescent probe for bio-imaging should be bright, biocompatible, water-soluble, and stable against photo bleaching.
3 It is well known that traditional organic dyes are favored for routine bio-imaging and especially for applications requiring very accurate quantication. 4, 5 Nevertheless, the problem of hydrophobicity has severely restrained their wide spread applications to biological systems. 6 For example, hexa-peri-hexabenzocoronene (HBC) and its derivatives, as nanographene segments, have attracted considerable attention because of their applications in eld-effect transistors and photoconductive devices. [7] [8] [9] However, their applications in biosystems are limited. Multicolor graphene quantum dots (GQDs) with a uniform size of 60 nm diameter and 2-3 nm thickness were synthesized by using a substituted HBC as the carbon source for bio-imaging. 10 Yin et al. reported a novel water-soluble HBC derivative with negatively charged side arms that could self-assemble into micro-and nanobers for bioprobing. 11 Considering the planar structure of HBC, it could aggregate and self-assemble into different morphologies in aqueous solution.
12,13
Although uorescence imaging shows high sensitivity at subcellular levels and is suitable for quantifying, it still has limitations in examining deep tissue in vivo.
14 Therefore, the combined nanoprobe, for example, a nanoprobe both for uo-rescence imaging and MR imaging have great signicance due to their complementary capabilities. 15 Among various contrast agents, superparamagnetic Fe 3 O 4 nanoparticles have been widely developed as negative contrast agents that can shorten the T 2 relaxation time of water protons, resulting in enhanced imaging contrast and sensitivity. 16, 17 One important issue related to the applications of HBC molecules and Fe 3 O 4 nanoparticles for uorescence imaging and T 2 weighted MR imaging is how to render the hydrophobic molecules and Fe 3 O 4 particles with good water-dispersity, biocompatibility and long blood circulation time. The formation of non-cytotoxic copolymer micelles has been proved to be an effective strategy to make the particles meet the above requirements. Polyethylene glycol (PEG) based Pluronic triblock co-polymers are amphiphilic and composed of a hydrophobic central segment of poly(propylene oxide) (PPO) and two hydrophilic segments of poly(ethylene oxide) (PEO), which are widely used as a coating/stabilizing agent for the surface modication of nanoparticles for various biomedical applications.
18-21
The amphiphilic block copolymer diacylphospholipid-polyethyleneglycol (F127) can conveniently encapsulate hydrophobic molecules with simple steps and the obtained F127-coated nanocomposites is a kind of ideal drug delivery system with good biocompatibility and prolonged blood circulation time. Hydrophobic drug can also be loaded by physical encapsulation due to its self-assembly characteristic. [22] [23] [24] 
Cell culture, cytotoxicity, and cellular uptake
Human hepatoma cells (HepG2) were obtained from American Type Culture Collection (ATCC, Manassas, VA, USA) and cultured in DMEM medium. Each cell culture medium was supplemented with 10% inactivated fetal bovine serum (FBS), 100 mg mL À1 streptomycin, and 100 U mL À1 penicillin at 37 C under 5% CO 2 . For cytotoxicity study, the cells were seeded on a 96-well plate at a density of 1 Â 10 4 cells per well with DMEM medium containing 10% FBS. Aer 24 h, the culture medium was replaced with 100 mL of medium containing 0-400 mg mL
À1
of Fe 3 O 4 /HBC@F127 nanocomposites. The cytotoxicity was evaluated by determining the cell viability aer incubation for 24 h. The number of viable cells was determined by MTT assay according to the reported method.
27
For cellular uptake study, the cells (5 Â 10 5 ) were pre-grown in 6-well culture plates and then Fe 3 O 4 /HBC@F127 nanocomposites were added at a concentration of 0-40 mg mL À1 in the same medium and then incubated separately for 1 h, 2 h and 24 h. Next, the culture medium was aspirated and the cells were washed three times with 2 mL of PBS containing 2% FBS. The cells were detached by 1Â trypsin and centrifuged at 1200 rpm for 5 min. The media was then removed by aspiration. The cells were re-suspended in 2 mL of PBS and 1 Â 10 4 cell accounts were immediately analyzed using a ow cytometer (Beckman Coulter, California, USA). The collected cells were microwave digested and then the cellular uptake Fe was analyzed by ICP. For cell imaging, the cells (5 Â 10 4 ) were seeded into a 24-well culture plate containing one glass coverslip per well and incubated for 24 h. Next, the medium was removed and 0.5 mL of DMEM media containing Fe 3 O 4 /HBC@F127 nanocomposites was added into each well and incubated at 37 C for 24 h. The coverslips with cells were then placed in empty wells, treated with 1 mL of 4% formaldehyde in PBS, and allowed to sit at room temperature for 30 min. Aer washing with PBS for three times, the cells were treated with 1 mL of Triton X-100 and incubated for 10 min. Then the cells were washed three times with PBS and then incubated at 37 C with 0.2 mL of DAPI for 10 min. The cells were analyzed using a confocal laser scanning microscope (CLSM, Zeiss, LSM 880, Germany). For MR imaging, aer the co-incubation with Fe 3 O 4 / HBC@F127 nanocomposites, the cells were washed thoroughly, then dispersed and suspended by 2 mL 0.5% agarose gel in a 5 mL EP tube. MR imaging was performed on a 3.0-T GE Signa HDX MRI scanner (GE, Milwaukee, WI, USA) using a T 2 -weighted Fast Spin Echo sequence (TR ¼ 3000 ms, TE ¼ 100 ms, slice thickness of 4 mm).
Results

Fabrication and characterizations of Fe 3 O 4 /HBC@F127 nanocomposites
The schematic illustration of the simply formation of Fe 3 O 4 / HBC@F127 nanocomposites was shown in Scheme 1. Hydrophobic oleic acid-coated Fe 3 O 4 nanoparticles and HBC molecules were dissolved in THF with F127, and then the mixed solution was added into deionized H 2 O to form the dandelionlike micelles. Aer completely dialysis, the micelles containing Fe 3 O 4 nanoparticles and HBC molecules were formed, which abbreviated as Fe 3 O 4 /HBC@F127. Pluronic F127 is selected to encapsulate HBC and Fe 3 O 4 nanoparticles due to its amphiphilic nature and excellent biocompatibility as a copolymer consisting poly(ethylene oxide)-poly(propylene oxide)-poly(-ethylene oxide) blocks, PEO100-PPO65-PEO100. During the formation of nanocomposites, the hydrophobic PPO is more likely wrapped inside the particles with hydrophobic HBC and Fe 3 O 4 to prevent aggregation, protein adsorption, and recognition by the reticuloendothelial system (RES).
28
The morphology of Fe 3 O 4 /HBC@F127 nanocomposites was studied by TEM. Fe 3 O 4 nanoparticles were obtained as colloidal particles dispersed in common nonpolar or weakly polar solvents, such as hexane, tetrahydrofuran, chloroform, etc. A representative TEM image shows that Fe 3 O 4 nanoparticles modied by oleic acid in hexane are highly monodisperse, with an average diameter of about 10 nm (Fig. 1A ). Aer entrapped with HBC in block copolymer F127, some hydrophobic Fe 3 O 4 nanoparticles are aggregated in the inner space of the F127 micelle due to the hydrophobic interaction (Fig. 1B) . Simultaneously, HBC has a strong tendency to aggregate through p-p stacking when entrapped into block copolymer F127 due to its planar core. The fabricated Fe 3 O 4 /HBC@F127 nanocomposites have a nearly spherical morphology. It can be seen clearly that each particles are made of many Fe 3 O 4 nanoparticles in the magnied TEM image (Fig. 1C) . The mean hydrodynamic diameter was in the range of 100-300 nm measured in deionized H 2 O. Besides, Fe 3 O 4 /HBC@F127 nanocomposites are stable in deionized water for a period of 3 months without aggregation, which is desirable for application in biomedicine.
Fourier-transform infrared (FT-IR) spectroscopy was performed to investigate the effective compound of HBC molecules, Fe 3 O 4 nanoparticles and F127. As shown in Fig. 2 by UV-vis spectrometer and uorescence spectrometer. The absorption and emission intensity are both normalized in Fig. 3 . Both the absorption and emission spectra of Fe 3 O 4 / HBC@F127 nanocomposites in deionized H 2 O are similar with those of HBC in THF. The UV-vis absorption spectra showed a strong absorption at around 360 nm, which was selected as the excitation wavelength (Fig. 3A) . The emission spectrum of Fe 3 O 4 /HBC@F127 nanocomposites showed multiple emission bands with maximum peaks at 468, 506 and 586 nm (Fig. 3B) . As shown in the inset in Fig. 3B , the Fe 3 O 4 /HBC@F127 nanocomposites also present an intense greenish photoluminescence under UV lamp irradiation. The magnetic property of Fe 3 O 4 nanoparticles and Fe 3 O 4 / HBC@F127 nanocomposites was evaluated by eld-dependent magnetization measurements at 300 K (Fig. 4) 
MR relaxivity measurements
The MR imaging properties of Fe 3 O 4 /HBC@F127 nanocomposites were evaluated by measuring the transverse relaxation time T 2 on a 3.0 T scanner. Their efficiency as contrast agents is determined by calculating the transverse relaxation rate from a linear t of the inverse relaxation times as a function of the iron concentration. The transverse relaxation time T 2 of water was reduced by Fe 3 O 4 /HBC@F127 nanocomposites relative to the control PBS. As shown in Fig. 5A , we observed that the T 2 -weighted MR signal intensity decreased with the increase of Fe 3 O 4 /HBC@F127 nanocomposites concentration (measured in mM Fe) at different TE values (TR ¼ 3000 ms). As expected, the relaxation rate r 2 is equal to 1/T 2 , which is linearly proportional to Fe concentration (Fig. 5B) 
In vitro imaging studies
The encapsulated HBC molecules enabled confocal microscopic tracking of the nanocomposites aer internalized by cells. In order to observe the cell imaging effect, HepG2 cells were treated with Fe 3 O 4 /HBC@F127 nanocomposites at a concentration of 10 mg mL À1 for 24 h. The confocal microscopic images
show that large amount of green particles are dispersed in the cytoplasm, which proves the cellular uptake of the nanocomposites (Fig. 6) .
To explore the feasibility of the Fe 3 O 4 /HBC@F127 nanocomposites used as contrast agents for T 2 -weighed MR imaging of cancer cells, HepG2 cells were incubated with Fe 3 O 4 / HBC@F127 nanocomposites at various iron concentrations for 24 h and then MR imaging investigation was performed. It can be seen from the T 2 -weighted MR phantom images that cells incubated with Fe 3 O 4 /HBC@F127 nanocomposites show a signicantly darker signal compared with that in control group (Fig. 7A) , which indicates the negative contrast enhancement becomes stronger as Fe concentration increases. The quantitative analysis of the MR signal intensity was also carried by plotting the MR signal intensity of the cells as function of Fe concentration (Fig. 7B) . The MR signal intensity of cells treated by Fe 3 O 4 /HBC@F127 nanocomposites is much lower than that of the control cells treated with PBS, which suggests that the nanocomposites can specically affect the MR signal. (Fig. 8B-D) , which conrms that higher percentage of cell death as compared to the control. Cells treated with an equivalent amount of control nanocomposites (without drug) does not show any morphology change, as the cell growth is almost identical as the control cells.
Cellular uptake studies
The amount of the cellular uptake of iron was quantitatively measured by using ICP. The cellular Fe uptake displays both concentration-dependent and time-dependent manner for HepG2 cells. As shown in Fig. 9A , when HepG2 cells are incubated with Fe 3 O 4 /HBC@F127 nanoparticles at a Fe concentration of 0.2 mM, the amount of the cellular iron increases in the rst several hours and then nearly reaches a saturation point, which also suggests that the uptake of (Fig. 9C) , which is different from ICP analysis results. This can be ascribed to that the excessive nanoparticles are not able to be washed thoroughly in the cell collection process for ICP analysis as the concentration increases. The uorescent intensity of cells incubated with Fe 3 O 4 /HBC@F127 nanocomposites for 2 h shows only a slight shi compared with control group, suggesting a weak cellular uptake efficacy. While the incubation time was prolonged to 24 h, the increased uorescent intensity showed a better cellular uptake efficacy, which conrmed the time dependent uptake of Fe 3 O 4 /HBC@F127 nanoparticles by HepG2 cells (Fig. 9D ).
Discussions
Multifunctional nanostructures have attracted wide attention, such as the combination of magnetic nanoparticles and uo-rescence nanoparticles or molecules yields a bi-functional nanocomposites for uorescence imaging and MR imaging.
32-34
Although multifunctional nanocarriers combined with imaging and therapy has reported in many literatures, this work also has advantages. Compared with the previous publications, this work developed a trifunctional nanocomposites not only for cancer diagnosis via MR/uorescence dual modal imaging but also can load drug molecules for cancer therapy. Besides, we prepared this multifunctional nanocomposites by using a facile and mild method without complex chemical reaction. Hydrophobic HBC molecules and hydrophobic Fe 3 O 4 nanoparticles were encapsulated by using biocompatible copolymer F127 due to the hydrophobic interaction and p-p stacking interaction. The signicance of this combination also lies in broadening the application of hydrophobic HBC molecules in biomedicine. On one hand, this combination increases the water dispersibility of HBC molecules via F127 micellar solubilization, which is a prerequisite condition for biological application; on the other hand this combination reduces the toxicity of organic HBC molecules. As is well-known, toxicity is an important issue for biomedical imaging and drug delivery applications. It has been reported that the surface modication of the nanoparticles had a signicant inuence on the cytotoxicity. 35 HBC molecules aggregated and then located in the inner space of F127 micelles with a compatible shell layer, which reduce its toxicity obviously. 31 this r 2 value is high enough to yield strong negative contrast signal. The MR signal of the tumor cell samples are also efficiently decreased aer incubation with Fe 3 O 4 /HBC@F127 nanocomposites, which indicated that the magnetic property of the composites are not affected by the cellular physiological environment and therefore can be used as contrast agents for MR imaging. However, it has been suggested that the potential of Fe 3 O 4 /HBC@F127 nanocomposites as an T 2 contrast agent should be assessed through in vivo experiments.
To sum up, Fe 3 O 4 /HBC@F127 nanocomposites show good uorescence/MR imaging ability and cell inhibition effect, which ensure its potential application for the diagnosis and treatment of cancer disease. 
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